Purpose-The aims of this systematic review were: 1) to analyze the content overlap between nurse and physician hospital-based handoff documentation for the purpose of developing a list of interdisciplinary handoff information for use in the future development of shared and tailored computer-based handoff tools, and 2) to evaluate the utility of the Continuity of Care Document (CCD) standard as a framework for organizing hospital-based handoff information for use in electronic health records (EHRs).
Introduction
The handoff of patient responsibility from one clinician to another occurs frequently in the hospital setting. Evidence suggests that increasing the frequency of clinician handoffs is associated with increased patient complications and longer hospital stays [1] . The Joint Commission requires effective intra-and interdisciplinary communication and the standardization of handoff between clinicians [2] .
The literature related to discipline-specific clinical handoffs has greatly increased over the past few years and this is the first systematic review to explicitly analyze the overlapping and distinct information contained in nurse and physician handoffs. Therefore, the aims of this systematic review were: 1) to analyze the content overlap between nurse and physician hospital-based handoff documentation for the purpose of developing a list of interdisciplinary handoff information used in the future development of shared and tailored computer-based handoff tools, and 2) to evaluate the utility of the Continuity of Care Document (CCD) standard as a framework for organizing hospital-based handoff information for use in (EHRs.
Theoretical Framework
The purpose of handoff communication is to establish common ground, or mutual understanding, of patient information between clinicians that are transferring the responsibility for patient care, typically due to a shift change or a change in patient location [11] . The establishment of common ground during handoff occurs explicitly through conversations and implicitly through shared documentation. To date, most handoff studies have focused on intra-disciplinary communication because handoff communication is a recognized clinical communication process that occurs between members of a clinical discipline. However, the division of labor amongst members of the interdisciplinary team in the clinical setting, which enables efficiency and functioning of the system as a whole, is dependent on information exchange and the establishment of common ground between disciplines [12] . Therefore, the interdisciplinary handoff information conveyed during an intra-disciplinary handoff may support clinicians' division of labor by establishing common ground that enables a clinician to develop a discipline-specific plan of care that is aligned with the interdisciplinary team's overall plans of care.
The integrated theoretical frameworks of distributed cognition and the clinical communication space have been used to analyze interdisciplinary information exchange and the establishment of common ground [13] [14] [15] [16] . We used these integrated frameworks to inform our analysis of the verbal and documented information exchanged during handoffs and to highlight the potential role of an interdisciplinary handoff information element list for the purpose of standardizing hospital-based handoff (see Figure 1 ).
These integrated frameworks describe how common ground is established in the clinical setting through a process of information flow involving artifacts (e.g., electronic and paperbased documentation), communication between clinicians, and goal-directed actions and interactions within an activity system, such as a clinical unit [15] . The concept of "common ground" has been described as a means to facilitate effective informal communication, where interactivity and time pressure is high [13] ; however, achieving common ground can be a challenge [13, 15] . Individuals may develop a mutual understanding or common ground during a face-to-face discussion; however, verbal communication is transient and must be documented to prevent information loss [15, 17] . When the information contained in an EHR is perceived as not sufficient, or is not updated, verbal discussions are the preferred method of information exchange between disciplines [16] . The clinical communication space framework suggests that the effectiveness of information exchange and the most appropriate method (e.g., an EHR versus a face-to-face discussion) is dependent on the level of common ground that has been established between clinicians. The distributed cognition framework characterizes clinicians' division of labor, gaps and overlaps in clinicians' domain knowledge (e.g., established common ground), the representation of information within artifacts such as EHR documentation, and patterns of communication and social interaction as essential elements to understand information exchange within an environment as a whole [18] . The integration of these two frameworks indicates that domain knowledge areas that overlap between nurses and physicians may be appropriate for data entry and display in interdisciplinary EHR tools and that such tools may facilitate the establishment of common ground and therefore improve interdisciplinary handoff communication.
Methods
To analyze the content overlap between nurse and physician hospital-based handoff and to develop a list of interdisciplinary handoff information elements, we searched PubMed for all published studies through July 2010 containing the indexed search terms: handoff(s), handoff, handover(s), shift-report, shift report, signout, and sign-out. Two reviewers (S.C. and D.S.) independently analyzed the article abstracts for inclusion criteria and, in the instance of disagreement, held open discussions to reach a consensus. The inclusion criteria were original, hospital-based research studies that specifically investigated handoff content or structure which may have been verbal or documented for nurses or physicians, including the evaluation of computer or paper-based handoff tools. Non-acute care and hospital-based studies that were not focused on nursing or physician handoff were excluded. Additionally, handoff articles that focused only on theory (e.g., sociotechnical theory), professional practice issues, or general handoff mnemonics (e.g., SBAR -Situation, Background, Assessment, Recommendation) and did not include clinical elements of handoff content were excluded. The references of retrieved articles were analyzed for additional studies that met the inclusion criteria.
The reviewers (S.C. and D.S.) independently rated the studies using the Quality Scoring System for Evaluation of Handoff Research Studies guideline which was developed by Riesenberg et al. to allow for the standardized comparison of handoff study quality [19] . The guideline was developed for physician handoff studies; to use it for nursing handoff studies, we modified the item that asked if the study participants were clearly described to include a description of the number of nurses and the nurses' specialty (e.g., medical-surgical, critical care, oncology). In the case of disagreement over a study's quality score, the reviewers reached consensus through discussion. This scoring system has a total of 12 items and a maximum score of 16 points. The first two items rate the type of study design (1 to 3 points) and the total sample size (0 to 3 points). The remaining 10 items are binary (no = 0, yes = 1) and rate the quality of reporting and the internal validity of the study [19] .
Next, each reviewer independently extracted all concepts or categories related to handoff information and handoff communication that were found in each study, and organized these into a comprehensive list of "handoff information elements". Consensus was reached between the reviewers when disagreement occurred. Therefore, the list of handoff information elements was based on the findings of the reviewed handoff studies.
For all of the nursing-specific studies, the two reviewers collaboratively analyzed the collected handoff information elements and developed a comprehensive list that included all unique concepts or categories for nursing-specific handoff. This process was repeated for all of the physician-specific handoff studies. The resulting nursing-specific and physicianspecific lists were analyzed for overlapping information elements to develop the interdisciplinary handoff element list. We categorized information elements as overlapping only if the information element was consistent in both groups' discipline-specific list of elements without further modification. For example, information elements that were at varying levels of granularity or otherwise required modification to fit both groups remained discipline specific to prevent information loss and ambiguity or the requirement of irrelevant documentation details. In the instances of disagreement, consensus was reached though discussion between the two reviewers. A search for a framework for inpatient handoff revealed small studies or anecdotal reports discussing numerous mnemonics that lacked scientifically rigorous research [20] . Therefore, we chose to explore and evaluate the appropriateness of various content-related data standards (CCD Health Information Technology Standards Panel (HITSP) C32, the Clinical Care Classification System, Systematized Nomenclature of Medicine--Clinical Terms (SNOMED-CT) and the Unified Medical Language System (UMLS)) were evaluated for their appropriateness as a categorization framework for inpatient nursing, physician and interdisciplinary handoff information elements. The CCD was evaluated, as opposed to other existing Clinical Document Architecture (CDA) constraints, such as the HITSP C48 "Referral Summary" or the Integrating the Healthcare Enterprise (IHE) Cross-Enterprise Document Sharing of Medical Summaries (XDS-MS), because of its intended purpose to support the aggregation and transfer of pertinent patient data from one provider to another. After a review of possibilities by the research team (S.C., D.S., D.V., P.S., S.B.) the CCD was selected as the foundation for the categorization based on its acceptance as a patient-centered electronic information exchange standard and relevance to continuity of care. We acknowledge that the CCD was developed for outpatient handoffs; however, given the lack of a validated framework for inpatient handoff, exploration of the CCD's generalizability to interdisciplinary inpatient handoff is worthwhile and informative. The CCD is a hybrid of the American Society for Testing and Materials International (ASTM) standard Continuity of Care Record (CCR) and the Health Level Seven (HL7) clinical documentation standard known as Clinical Document Architecture [21] [22] [23] . The CCD was developed as a documentation standard to organize information that supports care transitions in the outpatient setting or to facilitate information exchange during inter-institutional transfers. To evaluate the utility of the CCD standard as a framework for categorizing information elements from hospital-based handoff studies the two reviewers (SC and DS) coded the nursing-specific, physician-specific and interdisciplinary information elements according to each major CCD section as defined in the HL7 CCD standard [24] and personal information included in the CDA header [21] . Additional categories were added when the CCD framework was not sufficient and when an information element was judged as belonging to multiple categories.
Results

Handoff Literature Review and Interdisciplinary Handoff Element List Development
A total of 575 potentially relevant articles were retrieved from the literature search (see Figure 2 ). After reviewing each article's title and abstract 382 articles were excluded. Eleven additional articles were retrieved after reviewing the references of the remaining 193 articles. Based on our review of the remaining 204 articles, a total of 36 articles met our inclusion and exclusion criteria.
The range of scores for the Quality Scoring System for Evaluation of Handoff Research Studies was 4 to 13 out of a possible 16 points (see Tables 1 and 2 ). The range and average of quality scores for the nurse and physician articles were comparable (Nurse: range = 4 to 13, average = 9.6; Physician: range = 5 to 13, average = 10). Twenty-threeof the 36 studies were single group cross-sectional, single group post-test only, or qualitative studies (14 nursing studies, 9 physician studies). The remaining 4 nursing and 9 physician studies were single group pre-and post-test or cohort studies and one randomized control trial. Sample size accounted for the widest variability in quality scores, yet, is not an appropriate measure for qualitative studies.
The analysis of the 36 nursing and physician handoff studies resulted in a total of 95 handoff information elements. The nursing list consisted of 78 of these handoff information elements and the physician list consisted of 61 of these handoff information elements. Therefore, there were 44 interdisciplinary (i.e., overlapping) information elements that were present in both the nursing and physician lists (see Tables 3 and 4 ). The elements that did not overlap are specified in Tables 3 and 4 as the nursing-only and physician-only data. Many of the information elements are at varying levels of detail due to the varying levels of detail reported in the literature and differences between nursing and physician handoff.
The purposes of the nursing studies ranged from explicitly examining handoff information content to studying the quality and effectiveness of the handoff process. Similarly, the methods used ranged from collecting and analyzing audio-recordings of nursing handoffs and the documentation referenced by nurses during a handoff to field observations of the handoff process. Studies that included the analysis of audio-recordings and documentation provided results that reflected a greater level of detail of the content discussed by nurses during handoff. Although the purpose of each study and data collection and analysis methods differed, results included two types of handoff information content: 1) general handoff information elements that include a breadth of possible patient information, such as problems, procedures, treatments, and clinical judgments, and 2) specific handoff information elements that may include in-depth knowledge about a patient problem or care issue, such as skin integrity, respiratory status, fluid intake and output and activities of daily living. However, the organization and level of detail of handoff information elements differed between the nursing studies. For example, Lamond et al., listed fluid input and fluid output as separate items; however, our analysis of all the nursing studies determined that fluid input and output was discussed during handoff as one clinical concept and, therefore, was included in the list as one information unit. Furthermore, many studies did not include definitions of handoff terms or used different terminology to categorize the same clinical concept. For example, the terms resuscitation status, code status and advance directives appeared in different nursing studies and were categorized as one handoff information unit, code status, in our list.
The purposes of the physician studies ranged from analyzing the type of information content handled by resident physicians during handoff for the purpose of developing a computerbased handoff system [49] to analyzing the accuracy of information contained in resident physicians' handoff sheets [52] . The results of the studies differed in their reported level of detail of handoff information; however, all of the physicians' studies included general (e.g., physical exam findings, symptoms, prognosis) and specific handoff information elements. Examples of some of the specific handoff information elements that differed from the nursing information elements were: insurance status, anticoagulation status, and prophylaxis. Different terms that reflected the same clinical concept were used in the physician literature, such as code status and advance directive, and if-then contingency planning and anticipatory guidance. However, the term to-do list was consistently used throughout the physician studies.
CCD Framework
Overall, 16 section codes from the CCD standard were useful for categorizing 80% (76/95) of all information elements (overlapping and discipline-specific) (see Table 3 ). A comparable 79% (35/44) of interdisciplinary elements and 80% (41/51) of all disciplinespecific elements (i.e., nurse-only and physician-only) were captured by the CCD. Twelve new codes, referred to as Hospital Handoff (HH) codes, were developed to categorize the remaining 19 information elements that did not fit into the CCD standard or those that fit into multiple codes and were therefore too ambiguous to classify in the CCD (see Table 4 ). Interdisciplinary handoff information elements accounted for 46% of the total information elements (44/95) and were categorized into 15 codes from the CCD standard and 7 HH codes. The 34 nursing specific information elements (36% of total) were categorized into 9 codes from the CCD standard and 4 HH codes. Finally, the 17 physician specific information elements (18% of total) were categorized into 9 codes from the CCD standard and 4 HH codes (see tables 3 and 4). Family history and immunizations were the only CCD section standards that were not used.
The HH codes, admission demographics, fluid balance, education, and updates contain information that was not addressed in the major sections of the CCD, but existed in the hospital handoff literature (see Table 4 ). The information elements pain management, orders, psychosocial concerns, anticoagulation status, prophylaxis, hospital course, past medical/surgical history, and consultations each belonged to multiple CCD sections. Therefore, for consistency in categorizing the handoff information elements and preventing ambiguity in the coding, each of these elements was identified as a new HH section.
Discussion
This systematic review examined the content and structure of nurse and physician handoff information from peer reviewed publications. Eighteen nursing handoff studies and 18 physician handoff studies were reviewed. The nursing studies and the physician studies had a comparable range and mean of quality scores. A lack of standardization of key data elements required for information exchange and information overload have been cited as reasons that EHRs are less able to support coordination between clinicians and across settings [58] . There were 78 information elements identified in the nursing handoff list and 61 information elements in the physician handoff list. There were 44 information elements present in both, indicating a 46% overlap between nurse and physician handoff information elements for hospitalized patients. This suggests that a core set of data elements could be shared for patient handoff and interdisciplinary views within the EHR while also preserving discipline-specific handoff elements.
Interdisciplinary differences in handoff information
One challenge of standardizing handoff information, highlighted by the findings of this study, is the variation in clinical practice between disciplines and settings within the hospital. For example, physical exam findings was an information unit in the physician list; however, the nursing handoff element list contained more explicit categories that captured physical exam findings. These nursing list categories were: neurological status, cardiovascular status, respiratory status, gastrointestinal status, genitourinary status, and skin integrity. Attempting to structure the physical exam-related handoff information elements according to one standard for nurses and physicians may not ideally serve the needs of either discipline.
In addition to differences in the level of information granularity, some clinical concepts between disciplines fell into different categories or had different implications, especially related to the scope of clinical duties and responsibility. An example was the data element of Patient Controlled Analgesia in the nursing handoff element list. Patient controlled analgesia (PCA) delivers pain medication through an intravenous line when a patient pushes a button attached to the PCA pump, up to a maximum amount that is ordered by the physician and programmed into the PCA pump by the nurse. PCA did not appear explicitly in the physician handoff element list, although it may be mentioned in a discussion of the patient's medications. In contrast, for the nurse, a PCA is more than a pain intervention; the nurses' monitoring of the PCA pump's recorded history indicates if a patient's pain is adequately controlled by assessing the frequency with which the patient pushed the button for pain medication to be delivered compared to the maximum set amount. Furthermore, because the pain medication is a narcotic, it is required by protocol that during handoff, the out-going nurse and on-coming nurse verify and co-sign the documentation of PCA pump settings and the amount of pain medication remaining in the intravenous bag. Another example was that the request for the rationale by the primary team for a given clinical decision is an element of the physician handoff list and is not present in the nursing handoff list. However, other nursing literature suggests that when nurses were not aware of medical residents' rationale for care decisions they have purposefully delayed the implementation of the orders to allow time to assess that the order was entered as intended and was appropriate and safe [59, 60] . Therefore, the overlap between nurses and physicians regarding handoff information for hospitalized patients may be greater than is indicated by a literature review exclusively focused on handoff.
Interdisciplinary handoff element list and its role in establishing common ground
Verbal discussions (e.g., handoff) and documentation (e.g., in an EHR) are complementary tools to establish and maintain common ground in the clinical setting [13, 15, 16] . This study categorized information into an interdisciplinary list of handoff information elements that are essential to both nursing and physician handoff. These handoff information elements contain practical information (e.g., bed location), background information (e.g., reason for admission), planning information (e.g., to-do lists, discharge plan), and safety information (e.g., code status, allergies) that may be necessary for the establishment of common ground between disciplines. The process of entering and reviewing information in the patient chart enables clinicians to establish common ground, which is a pre-requisite for effective interdisciplinary communication [13] . Instead of relying solely on verbal discussions, the establishment of common ground could be augmented through the implementation of a standardized interdisciplinary handoff list in an EHR. This could facilitate interdisciplinary communication and decrease information loss, interruptions, and errors of omission [13, 61] .
"Missing" inpatient handoff elements in the CCD standard
The CCD was designed primarily for the purpose of facilitating information transfer for inter-institutional handoffs or handoffs between outpatient healthcare providers [23] . Thus, as expected, we found that several of the information elements present in the nursing, physician, and interdisciplinary handoff lists either didn't fit into the standard CCD sections, or fit in to multiple sections and they were, therefore, too ambiguous to classify. The "HH" coded items shown in Table 4 did not fit neatly into the standard CCD sections, and they reveal insight into some of the unique handoff information needs that exist for hospital clinicians. Some of these items are understandably not typically part of the CCD as they refer to events and activities on a much finer temporal scale than would be necessary in the outpatient setting. Examples include continuous tallies of a patient's fluid status in terms of inputs and outputs, and significant events either from the previous night or over the entire hospital course.
Other items that didn't fit into the typical CCD sections were related to clinical characteristics of patients that, depending on the clinical problem, are less likely to be of immediate concern when handing off patients in the outpatient setting when patients are not acutely ill. Examples include anticoagulation status, prophylaxis (e.g., gastrointestinal or deep vein thrombosis), and pain management. Finally, the collaborative and interdisciplinary nature of hospital care requires that information regarding "who said what" is included at the time of handoff, hence the need to discuss physician orders (for nurses) or various consultants and their recommendations. In the outpatient setting, handoff is generally from one provider to another, which may explain why there is no specific section that corresponds to this type of information. Finally, there are administrative and institutional-specific types of information that are required given the complexity of the hospital setting. This information would not typically be contained in a CCD, such as the patient's floor and bed number, hospital-specific identification codes such as a Medical Record Number, and an inventory of personal property that arrived with the patient. The CCD standard covered 80% of all the information elements that are necessary for inpatient handoff, and, therefore, suggests that the addition of the new HH codes to the C83 HITSP CDA Content Modules and the extension of the CCD may be an important starting place for the development of a transition of care document standard for hospitalized patients. Alternatively, the development of a new constraint on CDA specified for "Inpatient Handoff" that uses the CDA elements that were covered by the CCD (80% of the inpatient handoff elements) plus the HH codes (20% of the inpatient handoff elements) may be appropriate. An inpatient handoff CDA constraint may simplify the delineation of required elements (i.e., interdisciplinary elements) versus optional elements (i.e., discipline or specialty specific elements), provide its own set of use cases, and facilitate the development of standardsbased handoff modules for EHR vendors.
EHR support of overlapping interdisciplinary handoff information and the CCD standard
This study demonstrated considerable overlap between disciplines and suggests that a centralized interdisciplinary module in an EHR to support patient handoff is feasible. Furthermore, the CCD framework, with modifications for hospital-based handoff, may be useful to organize nursing, physician, and interdisciplinary handoff lists for the purpose of standardization. Given the demonstrated overlap of core concepts between the nursing and physician handoff elements it is logical to have this information centralized to decrease redundancy, information loss and propagation of information inaccuracy. Furthermore, having many clinicians looking at the same information may increase the quality, accuracy and interdisciplinary nature of clinical information. Specialized handoff applications in the EHR improve care transitions and it is recognized that specialized clinical units or services have distinct information needs [23] . For example, one interdisciplinary element was specialty specific key physiologic parameters which, in an intensive care unit, may include data such as hemodynamic measurements, mechanical ventilator settings, sepsis status, and the patient's APACHE risk score. EHRs with a custom handoff utility to support these specialty areas have been shown to improve workflow efficiency and improved patient care [3] . Therefore, such a module may be tailored to a specialty clinical unit or service, however, this does not address handoffs between units [62] .
A challenge of standardizing handoff information is that there are many types and situational varieties of handoff. An EHR handoff tool based on a list of handoff elements that is organized using the CCD standard may automatically pull information from disparate parts of the EHR and allow clinicians to select and deselect categories, and to save their preferences. Based on the literature reviewed we recommend that the lists of nursing, physician, and interdisciplinary handoff elements and the extended CCD framework, or development of a new inpatient handoff CDA constraint, are used to standardize and organize handoff tools and to improve the establishment of common ground and interdisciplinary communication among nurses and physicians. When possible, these lists of handoff data elements should be automatically pulled from the EHR to ensure consistency of data across all handoffs. Handoff data elements that are amendable to structuring within the EHR (e.g., medications) may complement handoff elements specific to a discipline or setting that is more appropriately communicated in a narrative form (e.g., patient preferences). Therefore, a structured narrative, where unstructured text and coded handoff data elements are fused into a single document, may be appropriate to ensure data consistency for handoff documentation [63] . [63] 
Conclusion
This systematic review examined handoff information and identified a 46% overlap between nurse and physician handoff lists for hospitalized patients. The CCD was useful for coding 80% of the hospital handoff information, and 12 hospital handoff codes were developed to categorize the remaining 20%. The different levels of granularity between disciplines for some handoff information indicates that standardizing all handoff information according to the same structure for nurses and physicians may not be appropriate. However, the interdisciplinary handoff element lists contained practical information, background information, planning information, and safety information that could be standardized and organized using the CCD framework in a centralized interdisciplinary EHR module. This may facilitate the establishment of common ground and interdisciplinary communication and decrease information loss, interruptions, and errors of omission [13, 61] . We recommend that the standardization of EHR handoff tools use the extended CCD sections and comprise interdisciplinary modules that incorporate the interdisciplinary handoff information elements into structured narrative documentation and that further research investigates the impact of providing standardized interdisciplinary handoff information to clinicians at the point of care. The process used by the authors to select appropriate published studies about Nurses' and physicians' handoffs. Table 4 Hospital 
